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Structural Equation Model / Hybrid Model

A model that includes latent variables with multiple reflective indicators and relationships between those latent variables.

Kline (1998) calls such models hybrid models.

Such models may include relationships between observed exogenous variable and endogenous latent variables.

Kline calls such models “partially latent”.

Distinction between Measurement and Structural Models

Measurement model:  

The set of relationships between latent variables and their reflective indicators.
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The measurement model specifies how the latent variables are measured.

CFA and EFA models are pure measurement models.

Structural Model

Structural model:  The set of relationships between the latent variables in a model.  



However, in many instances the structural model will include causal relationships between observed variables and the latent variables in a model.  Kline calls this a “partially latent” structural model.



A Simple SEM

The relationship of Org Liking to Diversity Perceptions

Caldwell Data

First, the Measurement Model
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Structural Model
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Another simple structural equation model

The Gradstudents data.

Relating incoming academic ability to performance in statistics courses in a graduate MS program.

Measurement model

First let’s hypothesis that there is an exogenous latent variable that represents graduate students’ overall entering academic ability.

Its indicators are:  UGPA, GREV, GREQ, GREA

Second, there is an endogenous latent variable that represents the students’ overall performance in statistics.  

Its indicators are P511G, P513G,


GradStudents SEM 1



GradStudents SEM 1


Measurement model



Structural Model
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GradStudents SEM 1 Model Fit


[image: image4.png]GREA

GradStugents SEM 1
Chi-square = 63.325
df=8

000

GFI= 820

CFI= 822
RMSEA=.173

‘Acadermic
Abilty

Statistic
Performance,

P513G





This model does NOT look good for several reasons.

1)  Goodness of fit is not acceptable.  None of the measures, with the possible exception of the GFI is acceptable.

2)  The loadings on the “exogenous” side of the model don’t seem right.  Particularly problematic is the loading of -.02 of UGPA on Academic Ability.  That would say that if there is a construct of “entering academic ability”, UGPA is not related to it.???

One way of isolating problems in SEMs is to fit only parts of the model at a time to see if the problem persists.  We’ll try the left hand part only.

GradStudents SEM 1:  Exogenous part measurement model only.
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This simple factor analytic model does not fit well.  

The chi-square is not significant.

But the RMSEA is not in the acceptable range.

And the loadings of three of the four indicators on the Academic Ability factor are less than .5.

Finally, the loading of UGPA is negative.

This suggests that perhaps the idea that there is a unitary attribute that could be called “Academic Ability” is not correct.

GradStudents SEM 2

In the model, Academic Ability factor is dropped.

Instead, the entering ability scores are allowed to predict Statistic Performance directly.
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This model fits better than the original.  

But the chi-square is still significant.

The RMSEA is pretty horrible.

Perhaps the modification indices can give an indication of what should be done.

GradStudents SEM 2 Modification Indices

Covariances: (Group number 1 - Default model)

	
	
	
	M.I.
	Par Change

	e7
	<-->
	GREV
	8.117
	-.852

	e6
	<-->
	GREV
	6.928
	.692


Regression Weights: (Group number 1 - Default model)

Regression Weights: (Group number 1 - Default model)

	
	
	
	M.I.
	Par Change

	P513G
	<---
	GREV
	7.92284566
	-.00015975

	P511G
	<---
	GREV
	6.76206938
	.00012966


Both sets of modification indices suggest a link between GREV and performance in the courses beyond that aspect of performance that the two courses share.

Note that the modifications have opposite sign.

The link to P511G says that among persons equal in that aspect of statistic performance shared by the two courses, those with higher GREV performed better in P511G.

The link to P513G says that among persons equal in that aspect of statistics performance shared by the two courses, those with higher GREV performed WORSE in P513G.

GradStudents SEM 3
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This model fits very well.

Whether it makes sense or not is another question.

The model suggests that P511G is positively related to GREV through the Statistics Performance latent variable, but when controlling for statistics performance, P513G is negatively related to GREV.

Thus the model seems to reflect an imbalance in the relationship of P511 and P513 to verbal ability as represented by the GREV.

Both course require explanations of results of statistical analyses in the form of written memos.

There is a paper required in the P511 course that is not required in P513.  Moreover, there is less emphasis on the written memos in P513.  So the imbalance makes sense.

It may be appropriate to treat GREV as a suppressor variable here.

GREV as a suppressor variable

First, rename Statistics Performance as Statistics knowledge, probably a more appropriate name.

This knowledge is gained through the taking of PSY 511 and PSY 513.  It has two components – one related to the PSY 511 material and one related to the PSY 513 material.

Suppose that P513G is related primarily to the P513 part of Statistics Knowledge.  But suppose GREV is more highly related to the P511 component.

This can be represented as follows . . .




Now consider persons with equal overall Statistics Knowledge, that is, people whose values of the overall statistics knowledge factor are identical.  Some of those will have high P513 knowledge and low P511 knowledge.  Others will have low P513 knowledge and high P511 knowledge.  

As the mix of P511 and P513 varies across persons with equal amounts of overall statistics knowledge, those who happen to have high P513 knowledge will have higher P513G scores.  Those with low P513 knowledge will have lower P513G scores.  So there’ll be a positive correlation of the P513 component of Statistics Knowledge with P513G.

Now consider the P511 component of Statistics Knowledge.  For persons with equal Statistics knowledge, those with a high P513 component will necessarily be those with a low P511 component, and vice verse.  So this means that among those persons with equal Statistics Knowledge there’ll be a negative relationship of the P511 component to the P513 component since P511 and P513 are the only two components of Statistics Knowledge other than random error.  This also means that there’ll be a negative correlation of the P511 component with the observed P513G scores.

Finally, since we’re assuming that P511 is positively related to GREV, this means that there’ll also be a negative relationship between GREV and P513G, the finding we’re attempting to explain.  

This explanation is a standard accounting for the action of suppressor variables.  A suppressor variable is one whose simple correlation with the criterion (P513G in this case) is 0, but which is correlated with other predictors of the criterion (Statistics Knowledge, in this case).  And, in fact, the simple correlation of GREV with P513G is .07 (p>.05), while the simple correlation of GREV with Statistics Knowledge is .16 (p=<.001).

Whew!  This had nothing to do with AMOS, per se, although AMOS pointed us to it.

 Classroom Adjustment Model

From Worland, J., Weeks, G. G., Janes, C. L., & Stock, B. D. (1984).  Intelligence, classroom behavior and academic achievement in children at high and low risk for psychopathology:  A structural equation analysis.  Journal of Abnormal Child Psychology, 12, 437-454.

Reported in Kline (1998).  (See reference list.)

This exposition follows Kline’s in Chapter 8.  Good reading.

The model is a model of the relationship of familial risk factors for psychopathology to student cognitive ability, scholastic performance and classroom adjustment.

Hypothesis:  Familial risk for psychopathology affects classroom adjustment indirectly, first through its effect on cognitive ability and scholastic performance and then through their effect on classroom adjustment.

Example:  

High risk -> Low ability -> Poor achievement -> Poor adjustment.

Worland, et. al. (1984) Initial Model
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Initial model fits poorly.

Low overall goodness of it.

Small loading of Extraversion.

Isolating problems by creating a measurement model

One way to isolate difficulties with hybrid models is to replace the structural components, i.e., single-headed arrows, with correlations.

This makes the model a measurement model only – a CFA.

If the fit is still bad, that indicates that at least part of the problem is in the measurement model.  If the fit is good, that suggests that the problem resides in the structural model.

To be honest, Kline (p. 251) recommends beginning with this step and making sure the measurement model is adequate before evaluating the structural model.

Worland initial model as a CFA
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This model isn’t much better than the hybrid.

Goodness of fit is poor.

There is a very large correlation between two factors:  Congnitivt ability and scholastic achievement, suggesting they’re one construct.

Examination of modification indices suggests that e3,e4, and e5 should be correlated with each other as should e7,e7, and e8.  This is probably due to common method variance within each set of tests.

Worland Model 2 as a measurement model only

The model below reflects the modifications suggested above
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The fit is substantially better.

Note that instead of correlated errors, a model with separate low-level factors for each of the sets of tests could have been created.

Worland (1984) hybrid model 2
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Kline states that this model is nested within the CFA.  Thus the chi-square difference test can be used to compare them.  The conclusion is that this model fits no worse than the measurement model.

Kline states (p. 258) that this model “supports Worland and colleagues’ (1984) hypothesis that the effects of familial risk on classroom adjustment is entirely indirect through child cognitive-achievement status.”
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Diversity Perceptions is measured with 3 indicators.


Org Comfort (called Org liking in an earlier handout) is also measured by 3 indicators.





This is probably the simplest kind of structural model:  A simple regression of one latent variable onto another.  In this case, Org Comfort is regressed onto Diversity Perceptions.





We’re asking:  To what extent to Diversity Perceptions account for Comfort with the organization.





Note that 44% of the variance is accounted for here.


Note also that the model doesn’t fit particularly well.
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These both connect GREV to P511G and P513G residual latent variables.





These both connect GREV to P511G and P513G.
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